16 2 17 ABSTRACT 18 Plant derived fuels and chemicals from renewable biomass have significant potential to replace 19 reliance on petroleum and improve global carbon balance. However, plant biomass contains 20 significant fractions of oligosaccharides that are not usable natively by many industrial 21 microorganisms, including Escherichia coli, Saccharomyces cerevisiae, and Zymomonas mobilis.
241
We also measured extracellular and whole cell GH activity of the RMCG-adapted cells that 242 were regrown in RMG before returning cells to RMC (reRMG). These reRMG cells showed low 243 levels of extracellular GH activity and only moderate whole cell GH activity on par with 244 unadapted cells (Fig 2E) . Based on these findings, we concluded that adaption to RMC consists 260 Serial transfer of culture also enhanced cellobiose conversion 261 We also tested cellobiose adaptation of Z. mobilis GH3 by serial passage using Z. mobilis 262 pVector as a control (Fig 3) . The first passage was performed from RMG to RMC with 0.4 mM 263 IPTG and all subsequent passages performed in RMC+IPTG (Fig 3A) . To prevent carryover of 264 extracellular GH between passages, cells were pelleted, washed, and resuspended in fresh After the first passage to RMC, little to no growth was observed over the course of 3 days 278 for both Z. mobilis pVector and Z. mobilis GH3 (Fig 3B) . After the second passage, Z. mobilis 279 GH3 cell density more than doubled after two days whereas control cells did not grow (Fig 3C) .
280 Z. mobilis GH3 continued to grow robustly after the third passage with a doubling time of <24 281 hours (Fig 3D) . During this serial passage growth of Z. mobilis GH3 on cellobiose was 282 concomitant with cellobiose depletion from the medium (Figs 3E-G) and accumulation of 14 283 ethanol (Figs 3H-J) . From the serial passage experiment, we conclude that after the second 284 passage Z. mobilis GH3 was able to utilize cellobiose for growth and ethanol production. 292 sucrose (RMCS) and growth was monitored (Fig 4A) . We found that sucrose-grown cells 293 resumed growth efficiently on cellobiose without a long lag phase, similar to RMC-adapted cells 294 (Fig 2B) , but neither RMG-grown Z. mobilis GH3 nor pVector control cells grew significantly.
295 However, RMG-grown Z. mobilis GH3 did eventually resume growth after a lag, as seen 296 previously (data not shown). This finding suggests that sucrose can induce changes in Z. mobilis 297 that enable GH3-mediated growth on cellobiose. To investigate the effects of sucrose on GH 298 activity, we assayed and compared GH activity of cellobiose-, sucrose-, and glucose-grown Z.
299 mobilis GH3. We found that both cellobiose-and sucrose-grown cells exhibited higher 
